The hopscotch scheme is a general method for the solution of second order parabolic and elliptic partial differential equations. It has been shown to be a Peaceman-Rachford alternating direction implicit (ADI) process, Peaceman and Rachford [16] . The method lies somewhere between explicit and implicit. It is fast and accurate in solving partial differential equations although it has seen only limited use by researchers in science and engineering discipline. The method has been used to solve the incompressible Navier-Stokes equations. It is suitable for many fluid flow problems because it is simple to program, faster and gives consistent results in computation per iteration and storage and adaptable to vector or parallel computer architecture. In this research hybrid hopscotch method for solving two-dimensional system of Burgers' equations is developed. A solution algorithm for two-dimensional partial differential equation with mixed boundary condition is first derived. Finally hybrid finite schemes for solving Burgers equations are developed. Hybrid Hopscotch-Crank-Nicholson-Du Fort and Frankel Scheme (HP-CN-DF) proved to be stable because the absolute errors did not change irregularly with a small change in the input data. The schemes were
Two Dimensional System of Burgers Equation
The 2-D Burgers' equation, which was also solved by Kweyu [14] , is of the form:
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In solving this equation, it is usually subjected respectively to initial and boundary conditions: ( , , 0) = ( , ), ( , ) ∈ ( , , 0) = ( , ), ( , ) ∈ } (1.2) And ( , , ) = 1 ( , ), , ∈ , > 0 ( , , ) = 1 ( , ), , ∈ , > 0 } (1.3) where D = {(x, )| ≤ ≤ , ≤ ≤ |} and is its boundary while ( , , ) and ( , , ) are the velocity components to be determined, , , 1 and 1 are known functions.
Hopscotch Method
Gordon [7] introduced the idea of using explicit and implicit finite difference schemes and alternate mesh points to solve heat equation and further applied the technique to solve physical problems. Gourlay [10] developed Gordon's idea in a general way for two space dimensional parabolic and elliptic problems and showed that the hopscotch method was infact a Peaceman-Rachford (Peaceman and Rachford, [16] ) method with the coefficient matrix split in a rather novel way. Gourlay and McGuire [8] proposed a general class of algorithms for numerical solution of partial differential equations. The structure and properties of the algorithms make them particularly easy to implement. The research included a numerical comparisons of the algorthms for the hopscotch and Peaceman Rachford method. The research revealed that the Peaceman-Rachford method or ADI hopscotch gives high accuracy at the expense of development and running time. The line hopscotch was found to be competitive with the PeacemanRachford method in accuracy and is more efficient. Gourlay and McKee [9] diccussed hopscotch as a fast finite difference technique used to solve parabolic and elliptic equations in two space dimensions with a mixed derivative. The method is compared numerically with existing alternating direction implicit (A.D.I.) and locally one dimensional (L.O.D.) methods for simple problems. Douglas and Gunn's A.D.I. method is both simplified and improved by reformulating it as hopscotch method. According to the research handling of the mixed derivative caused considerable complication when using a true A.D.I. or L.O.D. approach. Its treatment by hopscotch is much less cumbersome and the resulting algorithms straightforward. Gane and Gourlay considered a general block implicit hopscotch procedure for solving parabolic partial differencial equations. Stability and convergence analyses were given and an examination of the comparative accuracy of various particular cases was given. The usefulness of these algorithms in solving problems using ( ) geometry was indicated and their extensions to general exterior p.roblems using a peripheral approach was included. Evans and Danaee [4] established a new block method to solve the parabolic and elliptic partial differential equations and a comparison with the line hopscotch method was considered and proved to be useful. Jan and Gerard [12] considered the ODE (ordinary differential equation) that arises from a semi-discretization (discretization of the spatial coordinates) of a first order system form of a fourth order parabolic PDE (partial differential equation). Analysis of the stability of the finite difference methods for this fourth order parabolic PDE that arise if one applies the hopscotch idea to this ODE. The error propagation of these methods was represented by a three terms matrix-vector recursion in which the matrices have a certain anti-hermitian structure. A uniform expression for the stability bound (or error propagation bound) of this recursion in terms of the norms of the matrices was found. The result yielded conditions under which these methods were strongly asymptotically stable (meaning the stability is uniform both with respect to the spatial and the time stepsizes (tending to 0) and the time level (tending to infinity)), also in case the PDE has (spatial) variable coefficients. These implies convergence according to the convergence theorem. Thije [19] explained that the odd-even hopscotch (OEH) scheme is a timeintegration technique for time-dependent partial differential equations. The research applied the OEH scheme to the incompressible Navier-Stokes equations in conservative form. In order to decouple the computation of the velocity and the pressure, the OEH scheme was applied in combination with the pressure correction technique. The resulting scheme is referred to as the odd-even hopscotch pressure correction (OEH-PC) scheme. This scheme requires per time step the solution of a Poisson equation for the computation of the pressure. For space discretization standard central differences was used. The OEH-PC scheme was applied to the Navier-Stokes equations for the computation of an exact solution, with the purpose of testing the (order of) accuracy of the scheme in time as well as in space. The OEH-PC scheme was applied for the computation of a model problem. Finally, a comparison between two Poisson solvers for the computation of the pressure is presented. Goede and Thije [6] proposed vectorized version of the odd-even hopscotch (OEH) scheme and the alternation direction implicit (ADI) scheme and implemented on vector computers for solving the two-dimensional Burgers equations on a rectangular domain. The research examines the efficiency of both schemes on vector computers. Data structures and techniques employed in vectorizing both schemes are discussed, accompanied by performance details. Verwer and Sommeijer [20] proposed a linear stability analysis for an odd-evenline hopscotch (OELH) method, which was developed for integrating three-space dimensional, shallow water transport problems. Sufficient and necessary conditions were derived for strict von Neumann stability for the case of the general, constant coefficient, linear advection-diffusion model problem. The analysis was based on an equivalence with an associated scheme which is composed of the leapfrog, the Du Fort-Frankel, and the Crank-Nicolson schemes. The results appeared to be rather intricate. For example, the resulting expressions for critical stepsizes reveal that the presence of horizontal diffusion generally leads to a smaller value, in spite of the fact that there is unconditional stability for pure diffusion problems. It is pointed out that this is due to the Du Fort--Frankel deficiency. On the other hand, it is also shown, by a numerical experiment, that in practice it is sufficient to obey the weaker Courant-Friedrichs--Lewy (CFL) condition associated with the case of pure horizontal advection, unless a huge number of integration steps are to be taken. Harley [11] obtained numerical solutions to the Frank-Kamenetskii partial differential equation modelling a thermal explosion in a cylindrical vessel using the hopscotch scheme. The reseracher observed that a nonlinear source term in the equation leads to numerical difficulty and hence adjust the scheme to accommo-date such a term. Numerical solutions obtained via MATLAB, MATHEMATICA and the Crank-Nicolson implicit scheme were employed as a means of comparison. To gain insight into the accuracy of the hopscotch scheme the solution was compared to a power series solution obtained via the Lie group method. The numerical solution was also observed to converge to a well-known steady state solution. A linear stability analysis was performed to validate the stability of the results obtained. Jan [13] used the hopscotch and the Crank-Nicolson methods to solve European option prices and analyzed the pricing results from these two methods by comparing to the pricing result generates from the Black-Scholes model. The accomplishment of the work is based on MATLAB applications. In the report, the author started with an introduction of the numerical approximation of derivatives and applied them to solve the Black-Scholes Partial differential equation. The basic way of solving PDE are use of explicit scheme and implicit scheme, there are also two methods called hopscotch method and Crank-Nicolson method which mixed the explicit and implicit scheme to enhance the accuracy of the result they approximate. By comparing these applications, it was found that it is easy to apply the explicit scheme to solve the Black-Scholes PDE. However, the numerical instability of explicit scheme was a concern when using it. The hopscotch method and Crank-Nicolson method integrated the advantage of fully implicit and explicit schemes. The two methods ensure a fairly accurate result for the users, but by comparing the CPU time it was found that the Crank-Nicolson method can save more computational time than hopscotch method even though one has to solve a set of equation simultaneously.
Rotich et al. [17] developed the pure Crank-Nicholson (CN) Scheme and CrankNicholson-Lax-Fredrichs' (CN-LF) method by Operator Splitting. CrankNicholson-Du-Fort and Frankel being a hybrid scheme made by combining the Crank-Nicholson and Lax-Fredrich schemes. Lax-Friedrichs' scheme is conditionally stable and an explicit scheme. The developed schemes were then solved numerically using initially solved solution via Hopf-Cole transformation and separation of variables to generate the initial and boundary conditions. Analysis of the resulting schemes was found to be unconditionally stable. And that the results of the hybrid scheme were found to compare well with those of the pure Crank-Nicholson. Brajesh and Pramod [2] proposed a new algorithm called modified trigonometric cubic B-spline differential quadrature method for numerical computation of the time dependent partial differential equations. The numerical computation of the Burgers equation was obtained by using modified trigonometric cubic B-spline differential quadrature method with time integration algorithm. The modified trigonometric cubic B-spline differential quadrature method proved to produce better results than the results due to almost all the existing schemes. The modified trigonometric cubic B-spline differential quadrature method was shown to be conditionally stable using the matrix stability analysis method for various grid points.
Approximation at the Boundaries
The solution of Burgers system of equations (1.1) at any point ( , , ) is given by the following equations, according to Rotich et. al. [17] : (1.11)
Presentation of Numerical Results
The following data is used: = 0.001, ℎ = 0.1, = 0.1 and Re = 4000 to obtained the results.
Here the computational domain is taken as a square domain = {( , ): 0 ≤ ≤ 1,0 ≤ ≤ 1}. The initial and boundary conditions for ( , , )and ( , , ) are taken from the numerical solutions by Kweyu et. al. [15] . The numerical computations are performed using uniform grid, with a mesh width ∆ = ∆ = 0.1 . For the figures in 2-D presented below the values of the absolute errors at the corresponding points along the -axis and -axis are the same. Graphs of ( , , ) and ( , , ) against is presented and is exactly the same as that of ( , , ) and ( , , ) against . The schemes developed formed a series of equations that could be expressed in matrix form and therefore MATLAB software was required to generate the numerical results. The results are presented in graphical forms, tables as well as three-dimensional figures.
Two Dimensional plots of Absolute Errors in Solutions of
( , , ) and ( , , ) Figures 1 and 2 show the absolute error in solutions of ( , , ) and ( , , ) respectively plotted as a function of position along the -axis for the four hybrid schemes used, fixing = 1.0. The errors are the variation of the HP-CN, and HP-CN-DF when compared with values generated by the solution proposed by Kweyu et. al. [15] . The figure clearly shows that the hybrid HP-CN-DF has the least error than HP-CN. This shows that HP-CN-DF is the most accurate. This figure shows that the schemes developed are stable. ( , , ) and ( , , ) Figure 3 and 4 shows a 3-D plot of solutions of ( , , ) and ( , , ) when = 1.000 for HP-CN plotted against changing values of x and y variables. 
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Conclusion
The hybrid schemes Hopscotch-Crank-Nicholson -Du -Fort and Frankel (HP-CN-DF) was developed and used to solve 2D Burgers' equation. The developed scheme proved to be stable because the errors did not 'blowup' (absolute errors less than 0.009% as shown on the table of values of absolute errors with a small change in the input data. The schemes are also consistent because the results were not changing suddenly for small change in time and space hence convergent in line with Lax equivalence theorem.
